Objective: To examine male-female differences in pediatric overuse sports injuries. Study Design: Cross-sectional epidemiological study. Setting: Tertiary level sports medicine division in a large academic pediatric medical center. Participants: Five percent probability sample of patients 5 to 17 years seen from January 1, 2000 to December 31, 2009. About 3813 charts reviewed. Final study cohort included 1614 patients. Intervention: Nonlinear decomposition analysis of male-female differences in overuse injuries.
INTRODUCTION
The National Council of Youth Sports survey reported that 60 million children aged 6 to 18 years participate in organized athletics. 1 Female athletes continue to increase their participation in competitive sports, despite being plagued with injury. 2 A summary report of high school sports injuries during the 2010 to 2011 academic year of 100 US high schools by Dr Dawn Comstock reported that the overall rate of sports injuries, both acute and chronic, was 1.71/1000 athletic exposures. 3 The current literature is relatively deficient regarding the risk for overuse injuries in young children. These injuries can range from the sometimes devastating diagnosis of osteochondritis dissecans of the elbow or knee, 4 to the more common and more benign quintessential overuse injury of the young growing athlete, Osgood-Schlatter Disease. 5 Male and female athletes sustain different types of sports injuries to different areas of the body. There is some evidence to show that females sustain more overuse injuries, as compared with their male counterparts. 6 The medical literature suggests a variety of reasons for male-female discrepancies in injury patterns, including differences in strength and flexibility, [7] [8] [9] and differences in other physiological and anatomical parameters. [10] [11] [12] [13] [14] [15] [16] Furthermore, the proportion of male and female athletes participating in athletics varies by sport. 17, 18 Certain sports are more highly associated with specific injuries. 11, [19] [20] [21] [22] For sports such as basketball and soccer, which have similar structure and rules for both male and female athletes, there is some evidence that female players sustain more overall injuries, more injuries to the knee, and more severe injuries than their male counterparts. 10, 23 Other research suggests that female basketball players are more likely to experience head and knee injuries, whereas male basketball players are more likely to sustain fractures and lacerations. 24 This suggests that differences in injury patterns between male and female athletes cannot be explained entirely by differences in the types of sports male and female athletes prefer.
The purpose of this study was to compare pediatric overuse injuries between males and females in a cohort of patients seen in a pediatric sports medicine clinic at a tertiary level academic medical center. Specifically, for this cohort of patients, we analyzed the role of multiple patient variables and activity characteristics on the likelihood of sustaining an overuse injury in the male patients versus female patients. Finally, we sought to evaluate the extent to which the discrepancy in overuse sports injuries between the male and female patients in this cohort can be explained by different patient background characteristics, and activity/sport characteristics. To clarify, if participating in gymnastics is positively associated with sustaining overuse injuries, and a higher proportion of females compete in gymnastics, then, all other factors being equal, we would expect females to suffer more overuse injuries than males. Suppose, however, there is a gym where male and female athletes of similar age, athletic background, body mass index (BMI), and other characteristics participate in 15 intense hours of training per week for the same gymnastic events. If females training in that gym were still more likely than males to sustain overuse injuries, then we might suspect that females possess a greater risk (eg, due to biomechanical, genetic, or neuromuscular factors) of overuse injuries. Simply restated, for a large range of reasons, the risk of suffering an overuse injury during gymnastics would be greater for females than males. Using data from the electronic medical records of a large pediatric hospital, we examined the extent to which differences in overuse injuries between the sexes can be attributed to differences in the types of sports in which males and females participate. The null hypotheses being tested in this research include: (1) there is no difference in the proportion of males and females being seen for overuse injuries, after taking into account patient background characteristics such as history of chronic injury and BMI, and activity characteristics, such as contact/ collision and team sports and (2) sport compositional differences (characteristics) have no impact on the likelihood of sustaining an overuse injury in the male patients as compared with female patients in this study cohort.
METHODS

Data and Participants
The study population consisted of all patients aged 5 to 17 years evaluated in the division of sports medicine at an academic pediatric hospital, from January 1, 2000 to December 31, 2009 . There were 121 047 total unique patients in this age category, from which we randomly drew a 5% sample using the "sample" command in Stata. We then accessed the electronic medical records corresponding to each selected new patient visit. Because of budget and time constraints, 3813 charts (of the approximate 6000) were reviewed, coded, and entered into a database.
All visits for injuries sustained as a result of the patient's participation in 1 or more organized physical activities were eligible for inclusion. Visits for injuries sustained as a result of everyday accidents (eg, falling down the stairs or falling off a bike while riding recreationally) or underlying congenital disorders were excluded. Only medical records that clearly described the activity in which the patient was participating during the time of injury were included. Many cases were excluded from the analysis due to incomplete data regarding the variables under study. Only the primary injury at the time of the new patient visit was coded and analyzed. Multiple injuries were not included in the statistical analysis for this study. Based on these criteria, the final sample comprised 1614 unique patients. Anthropometric measures (height and weight), mechanism of injury, previous injuries, and organized activities were recorded by 6 coders. Intercoder reliability was assessed using Krippendorff alpha. 25 
Measures
We recorded primary injury diagnosis as made by an attending level orthopedic surgeon or primary care sports medicine physician, body area injured (head, chest, upper extremity, lower extremity, spine), and type of injury. Injuries were subdivided into overuse or acute/traumatic by an attending level pediatric sports medicine physician (A.S.). For overuse injuries that could be considered either acute or chronic (eg, subluxation), an athletic trainer performed a chart review and properly categorized the injury according to the medical record.
Physical activities were coded by sport and used to create 2 binary measures: (1) indicating whether the patient participated in 1 or more team sports and (2) indicating whether the patient participated in 1 or more contact\collision sports. The classification scheme suggested by the American Academy of Pediatrics was used: contact/collision, limited contact, or noncontact. 26 Team sport was coded if children were playing with others at the time of play (ie, swimming and golf are not coded as team sports, although there is a team element to these sports). 26 A continuous measure was created, indicating the total number of activities reported for each patient. Given that certain sports have known associations with overuse injuries, 20 we created a measure indicating whether a patient participated in a "high-overuse" sport. "High-overuse sports" were defined as any sport for which $65% or more of the patients were seen for overuse injuries (Table 1 ). Other covariates included patient sex, age, and BMI z-score.
We used a Student t test to compare differences in mean values. To examine whether the correlates of pediatric overuse injuries differ for males and females, we used multivariate logistic regression models to predict overuse injuries separately for each sex and then executed a likelihood ratio test to determine whether there was a significant difference between the models. We controlled for age, BMI z-score, previous overuse injuries (binary), and activity characteristics, including total number of sports played, and participation in a high-overuse sport, team sport, or contact/collision sport. Finally, to investigate how much of the overall difference in overuse injuries between the sexes was attributable to differences in the types of sports males and females play, we used a nonlinear decomposition method commonly used to decompose sex or racial differences in outcomes (see Appendix, Supplemental Digital Content 1, http://links.lww.com/JSM/A44). [27] [28] [29] Institutional internal review board approval was obtained before the initiation of the research protocol.
RESULTS
For all variables reported in this analysis, Krippendorff alpha for intercoder reliability was 0.746, above the level of acceptability suggested by Krippendorff. 25 The full study cohort of 1614 patients contained slightly more female athletes than male, and the 2 populations were identical in age ( Table 2 ). The majority of females were treated for overuse injuries as compared with males (63% vs 40%, respectively). Injury location differed significantly by sex. Females were treated more for lower extremity, hip/pelvis, and spine injuries as compared with males, who sustained more injuries to the head, chest, and upper extremity ( Table 2) . A greater proportion of males played team sports and contact/collision sports when compared with the females. A smaller proportion of males participated in one of the high-overuse sports versus females with sports injuries 5 to 17 years. Males played more sports overall than females ( Table 2) .
Adjusted odds ratios from logistic regression models predicting treatment for an overuse injury (reference = traumatic/acute injury) were performed separately by sex (Table 3) . Notably, the odds of being seen for an overuse injury are approximately 5 times higher for males playing a team sport than for males who do not play a team sport (P , 0.01). In comparison, the odds of being seen for an overuse injury were 1.3 times greater for females participating in team sports than for females not playing a team sport (P = 0.274). Participating in a high-overuse sport increased the odds of being seen for an overuse injury by a factor of 10 for males versus 3.6 for females (P # 0.01 for both males and females). A likelihood ratio test rejected the null hypothesis that there was no difference in the proportion of males and females being seen for overuse injuries after taking into account patient background characteristics such as history of chronic injury and BMI, and activity characteristics, such as contact/collision and team sports.
Decomposing Gender Differences in Pediatric Overuse Injuries
Strong differences between males and females were seen in the proportion of athletes participating in team sports, contact/collision sports, and high-overuse sports in this study cohort of pediatric patients with sports injuries presenting to sports medicine clinic. A decomposition analysis was performed to investigate the extent to which these differences are responsible for differences in the likelihood of being treated for an overuse injury in this cohort of patients. Table 4 presents the decomposition analysis results based on the models presented in Table 3 . The total male-female difference in proportions treated for overuse injuries is 20.231 (equal to 0.397-0.628). The decomposition analysis suggests that approximately 45.9% (100 · [20.106/20.231]) of this difference can be explained by differences in the distributions of males' and females' background and activity characteristics (age, BMI, history of chronic injury and team sport, contact/collision, total number of sports, high overuse). Restated, if females and males had the same background and activity characteristics, then the male-female gap in proportion treated for overuse injuries would be reduced by nearly half. Table 4 also shows the extent to which each activity and background characteristic contributes to the overall male-female difference. These estimates are equal to the change in the overall probability of being treated for an overuse injury that would occur if we substituted the female distribution of a particular characteristic (eg, total number of sports) with the male distribution of that variable, holding the distributions of the other variables constant. Specifically, the estimate on the "team sport" measure is 0.054 suggesting that the contribution of this variable to the overall sex difference in overuse injuries is 23% (100 · [0.054/ 0.231]). Restated, if the females in this study cohort played team sports in the same proportion to males, the difference in overuse injuries between males and females would increase by 23%. Furthermore, the estimate on the high-overuse measure suggests that the male-female sex gap in proportion of patients treated for overuse injuries would decrease by 54% (100 · [0.125/0.231]) if the patients had participated in gymnastics, tennis, swimming, running, and other high-overuse sports in equal proportions (Table 4 ). Finally, if females played the same overall number of sports as males, on average, the sex difference in overuse injuries would increase by 0.006 points or roughly 3% (Table 4 ).
DISCUSSION
The notion that females and males differ significantly in sports injury patterns is not a new concept to pediatricians, sports medicine physicians, and investigators of sports injury epidemiology. Our goal for this research was to investigate overuse injuries in pediatric patients evaluated and treated for a sports injury in our sports medicine clinic. We sought to investigate in detail, and decompose statistically, why male and female children differ in injury patterns. Our findings suggest that the effect of participating in certain types of sports on being treated for an overuse injury is different for males and females in this study population, even when controlling for age, BMI z-score, and history of chronic injuries. Furthermore, our findings revealed that close to half of the differences in overuse injuries in sport seen between young males and females, in this cohort of pediatric sports medicine patients, can be attributed to sex differences in background characteristics, such as BMI, and sport characteristics, such as contact/collision and team. The remaining sex difference in overuse injuries can likely be explained by biological differences, both those previously documented in the existing literature, and those yet to be discovered. Multiple possible reasons for disparity in sports injuries between males and females have been investigated and reported. The biomechanical and neuromuscular changes that occur during the growth process have been investigated recently regarding injury in female athletes. Ford et al 30 demonstrated that certain knee biomechanics that place the female at risk for injury were significantly increased in pubertal females during periods of rapid growth. 30 Male athletes showed no comparable adaptive deficits related to maturation. Caine et al 31 reported higher injury rates in peripubertal female gymnasts at Tanner stages 2 and 3 compared with gymnasts at Tanner stages 1, 4, and 5, regardless of competitive level.
DiFiori et al 32 reported that adolescent gymnasts between 10 and 14 years of age were significantly more likely than older gymnasts to have chronic wrist pain, even after adjusting for intensity of training, age of initiation of training, years of training, and sex. Other potential reasons for differences in sports injury patterns between males and females previously described in the literature include femoral notch size variation, 13 hormonal influences on injury risk, 11, [33] [34] [35] and variations in lower extremity strength and flexibility. 7, 16, 36 Extensive research to date has shown dynamic knee instability in female athletes due to neuromuscular and biomechanical factors that place young female athletes at increased risk for injury, including but not exclusive to anterior cruciate ligament injuries. 15, 37, 38 More recently, researchers examined the relationship between body composition and patellofemoral knee pain-the textbook overuse injury of the female athlete. Despite data indicating a relationship between higher relative body mass and overall knee injury, this study failed to show a relationship between body composition and patellofemoral knee pain in middle school female basketball players. 39 Myer et al 40 found that athletes, who developed patellofemoral knee pain while in season, demonstrated increased knee abduction moments at initial contact on the mostsymptomatic limb. They inferred from this finding that the landing mechanics in the athletes who developed patellofemoral knee pain provide a biomechanical explanation for the increased incidence of patellofemoral knee pain among female athletes. 40 Overuse injuries to tendons and apophyses are being diagnosed with increasing frequency as children and adolescents increase their participation in organized sports, fitness, and dance activities. A retrospective review of 724 overuse tendon and apophyseal injuries seen in the Sports Medicine Clinic at Boston Children's Hospital suggested that growth and maturation constitute additional risk factors for injury occurrence. 20 The results of the decomposition analysis suggest that disproportionate participation in certain sports by female athletes accounts for a large share of the differences between the sexes in the proportion of athletes presenting to an out patient clinic with overuse injuries. These data also suggest that the reason more female athletes seek medical care for overuse injuries may be, in part, sociological. By directing females toward particular sports, like dance and gymnastics, society may be increasing their risk of certain injuries. Sociological explanations may also contribute to the higher proportion of males in team sports seeking care for overuse injuries. Perhaps peer pressure, which often pushes boys to play harder and longer than may be healthy or safe, could contribute to the rates of overuse injuries. The ultimate goal, at this time, for all those caring for young athletes is to further sports injury prevention efforts and to help direct future policy recommendations regarding sports participation and children.
Our results must be considered in light of several limitations. The data were collected from a dedicated sports medicine clinic of a large, pediatric, tertiary care center. Therefore, our results may not be generalizable to other settings. In addition, we cannot describe incidence of injury, as we only report information from patients seen in our clinic, without data regarding athletic exposures. (B) show the extent to which each characteristic contributes to the male-female difference in likelihood of being treated for an overuse injury. The estimates are equal to the change in the average probability of being treated for an overuse injury that occurs when we substitute the female distribution of a particular characteristic (eg, total number of sports) with the male distribution of that variable, holding the distributions of the other variables constant.
